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The present Invention relates to a method and 
apparatus for forming bichromai balls and mora par- 
ticularly, but not exclusively, to the fabrication of 
small balls, about 5 to 200 microns In diameter, having 
hemispheres of contrasting colors for use In an "etec- s 
trie paper" display sheet. 

A display sheet and display system Is disclosed 
In European Patent Application No. 9031 21 28.3 (Pub- 
lication No. 0 427 507). Displays are also disclosed In 
U.S. Patents Nos. 4,126,854 and 4,143,103 and an io 
article co-authored by me entitled "The Gyricon - A 
Twisting Ball Display", published in the Proceedings 
of the S.I.D., Vol. ie/3&4, Third and Fourth Quarters 
1977. 

The display device. In sheetform, asdoscribed in is 
the abova European patent application comprises a 
thin trarisparont sheet having many of the attributes 
of paper documents. It lool» like paper, has ambient 
light valve behavior like paper (i.e. the brighter the 
ambient light, the more easily it may be seen). Is flex- JO 
ibie like paper, can be carried around Ike paper, can 
be written on like paper, can be copied like paper, and 
has nearly the archival memory of paper. It Is also 
possible to form the display device as a rigid structure 
Incorporating an array of addressing electrodes. In 26 
both smbodinents, the salient features are an elas- 
tomeric host layer a few mils thk* which Is heavily 
loaded with balls tens of microns In diameter. Each bi- 
chromai ball has hemispheres of contrasting colors, 
such as 8 white half and a black half, and Is contained 30 
In Its own spherical cavity filled with a dielectrk: Ikjuld. 
Upon appllcatton of an electrical field between eleo- 
trodes located on opposite surfeces of the host layer, 
the balls will rotate depending on the polarity of the 
field, presenting one or the other hemisphere lo an 3S 
observer. 

In the above-Identified artlde, there is disclosed 
a method forfabricating bichromai balls. First, mot>o- 
chraitiatlc glass balls are fbrnred, heavJy toaded with 
tHantum dioxide so as to appear white. These are de- 40 
posited in a monolayer upon a substrate. Then the 
balls are coated from one direction in a vacuum evap- 
oration chamber with a dense layer of rwnconductlve 
black material whfch coats one hemisphere. 

As Illustrated in Figure la bichromai me 10 are 45 
loaded in liquid faied cavities 12 In a hostmabix 14. 
Both the liquid 16 surrounding the bails and the balls 
themselves are dielectric. Therefore, although the 
balls are macroscopicaily electHcally neutral, on a mi- 
ctoEcopIc seals they have an electrical double layer so 
corrprfsing two layers of charges of opposite sign (as 
shown). One charge layer Is localized at the surface 
of the ball and t he other charge layer Is in the nature 
of a space charge extending outward tom the surfece 
of the ball Into the dielectric ikjuW. The measurable ss 
aspect of the electrical double layer, known as the 
zeta potenUal, is the net surface and volume chai^ 
that lies within a shear surfscs associated w»h the 
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motk)n of the baU through the liquki. For a given liq- 
uid, the zeta potential is a lunctlon only of the ball sur- 
fece material. Thus, the material properties whk:h 
give rise to differences associated with the cokir or 
reflectMty of each hemisphere 18 and 20 give rise to 
different characteristic zeta potentials with respect to 
the dielectric liquid 16 in the cavity 12. It Is the differ- 
ence in zeta potsndal between the hemispheres of 
the ball which causes the ball to act like a dipole In the 
presence of an elsdrical field, as illuslrated In Figure 
lb. The ball lOwBI rotate, until Itsdipolemomentlines 
up with the direction of the electrical field established 
between opposed electrodes 22 and 24, 

In addition to the dipole charge dlstributk>n found 
on the bichromai bail In the presence of an electrkial 
field there Is also a monopds charge which is the net 
electrical charge. It Is quite unlikely that the two hemi- 
spheres 18 and 20 having zeta potentials of opposite 
polarity vrill have the same magnlhjde. However. If 
that is the case, a monopole charge will not be estab- 
lished. As a result of the monopole charge, the ball 10 
is caused to translate In the direction of the electrical 
f leM and will rest and be retained against the cavity 
wall, as Uustrated in Figure 2. In order for the ball Id 
rotate easily in the liquid within the cavity, due Id the 
dipds charge, it must move fnm contact wit h the cav- 
ify wall. When at rest against the cavity wall, Wctkjn 
and other forces will prevent it from rotating unt II it has 
been moved away once again, due to the monopole 
charge. It is this feature whteh enables long term im- 
age retention in this display device. 

II Is an object of the present inventton to provide 
a simplified method for forming and curing Uchromal 
balls having diameters, by way of example, in the tens 
of mterons. 

The present Invention may be carried out, In one 
form, by providing a method of forming bichromai 
balls, including the steps of providing a laminar f km 
stream of hostikpikl, bringing togethertwo streams of 
diffsrently colored haidenaUe liquids for forming a 
single Uchromal stream, introdudng the single bh 
chromal stream substantially Into the center of the 
stream of host llquM, Irensparting the bichromai 
steam at substantially the same velocity as the 
stream of host liquid, wherein the forward end of the 
bichromai sbeam becomes unstable and breaks up 
Into droplets which form Info spherical balls as they 
are moved by the host llqukl, curing the bails so that 
they harden, and separating the balls fiom the host 

A further aspect of the present Inventfon is the 
provision of an apparatus for (arming the UchtDmal 
balls would comprise a housing through whtoh a host 
ikiuM Is moved, means for Introducing two streams of 
differently colorsd hanlsnaUe llquMs into substan- 
tially the centerof the host lk)uM as a shgia Mchroraal 
stream whereby, as the bkihramal stream Is moved by 
the host lk|uid, the forwaid end of the btohromal 



2 



3 



EP 0540 281 A2 



Btream becomes linslable and breaks up into droplets 
which Mm Into spherical baHs which continue to be 
moved by the host liquid, means for curing the balls 
so that th^ harden, and means for sepomtins the 
balls from the host liquid. 5 

The present invention will be diMOibed further, 
by way of example, with retimneelotheaooompany- 
ing (bawinga. In which:- 

Figure 1 a Is schematic representation of an eleo 
trlcaldoubielayerassoclatsdwitheaehballhemi- io 
sphere within a dieledrio liquid filled oavi^, be- 
fore the application of an eisctrical field, 
Figure 1 b is schematic representation of an eiao- 
trical double layer assodatsdwUh each bsdl heml- 
spbere within a dieleclric liquid filed cavity after is 
the application of an eiedrieal field muses the 

l=lgure 2 Is schennatlo represenfatkm of rotation 
and translation of the bichromd bal within Its 
cavity, ^ 
Figure 3 is a schematic view of the two difiimntiy 
" colored 8b«ams of hanienabie liquid being 
brought together to form a bichromal stream 
which breaks up Into bichromal balls. 
Figure 4 is a schemattcvlewof a driftchambertbr 2S 
fatiricating bidiromai balls, 
F^re 5 Is a schematic ssctkmai view of a rotat- 
ing nozzle for (fispereing the balls within this drift 

Figure 6 is a schematic view of a simplified fabri- 30 
cation apparatus, 

Figures 7a and 7b illustrate two prebrred forms 
of the doubts nozzle structure, 
Figure 8 Mustrates how very small balls may be 
made, 35 
Figures 9a and 9b iHustrats two forms of sheet 
Jets for Increasing the ball generation output, 
Figures 10a and 10b Illustrate a cyilndricd sheet 
jet generator, and Figures 11a and lib Hluslrats 
two fornv of annular channel design for prevent- 40 
log lateral ball drift. 

Turning to Figure 3 there is lllusirated the gener- 
alized form of the fabrication apparatus for nwking 
small, pigmented (or dyed) balls 10 that have hemi- 
spheres 18 and 20 of two different colors. Two fine 4S 
streams 26 and 28 of a handenable liquid material are 
pumped through tubing 30 and 32 whose ends are 
bent to form a double nozzle 34 which brings together 
the two fins streams at a location dose to the center 
of a larger stream 36 of host lk)uid, pumped through so 
channel 3S. The hardenaUe liquid material may be a 
thermosetting or a ptiotosetting material, such as an 
epoxy resin, which In Its liquid state is flowabie 
through the fine tubing 30 and 32 and which is cur- 
able Into a solid state upon the appiicatkin of suitable S5 
energy. As the hardenable liquid emerges finom the 
double nozzle 34, it quickly acquiresthe circularcross 
sectton of a single combined jet 40, half one cotor and 



half the other. Because this jet Is highly unstable as 
it flows within the ^am 36 of host liquid, Its forward 
end will shortly break up Ihio a train pf droplets of uni- 
formly sized Uchnmal spheres 1 0, whose diametsre 
are equal to approximabsly twice the diameter of the 
stream 40. The size and uhtformlty of these btf Is may 
be controlled by vwyirig the veloel^ of the stream 36 
and by Introducing a regular vibretlonal mechanical 
enengy to the shgle combined Jet 40. This may be ao- 
compllshed by applying to the iubiig 30 and 32 en 
acoustical Iraquency of about 1 kHz by means of a 
transducer, such as a quartz or other pieEEoeieclric 
crystal. 

Example 

In a test aat-up for Investlgatihg this fabrieatbn 
pnoesB, fine tubes 30 and 32 wiere constructed of 
#27 stainless steel tubing having an InnerdiameeBr of 
02032 cms {0.008 indns) and an outer diameter of 
04064 cms (0.016 inches), oonvaiging adjacent the 
center of a transparent fused quartz {far ease of ob- 
servation of the process) chiannel 38 having an iimsr 
diameter of 0.1905 cms <0.07S Inches). The host Ihh 
uld flowing through ths channel 36 was Ruorinert 
FC-70®, made by the 3M Company of 81. Paul. MN. 
It was maintained at room temperatore, had a klne- 
matto viscosity of 13.4, a densRy of 1.94 gramsAw, 
and was pumped at a velocity of 29 cm/sec. The hard- 
enable liquM of the fine streams 26 and 28 was a 
clear twoxomponent epoxy, EPO-TENS 301-2, 
made by Epoxy Technology ina of Billerica, IMA; 
which included 3S% (by weight) of a curing agent An 
additional 12% (by weighQ <tf an accelerating curing 
agent, namely, RF91® made by Resin Formulatore 
Co. of Culver City, CA was added for enhancing Ha 
rapid curing. One of the f he streams was pigmented 
white with the addltton of titenium diodde to the 
epaxy,atabout80%oftheepo)9rBsinbyweighLThe 
other stream was pigmented black with the addltkm 
of caibon black to the epoxy, at about 10% of the 
epoxy reski by weight 

In Figure 4 there Is illustrated a system for pro- 
ducing and ocilecting bichromal balls. A vertical drift 
chamber 42 contains the host Ikiuid which is pumped 
into the lower end of the drift chamber through chan- 
nel 38. At a generatkm region 43, double nozzle 34 In- 
troduces a fine bichromal stream 40 of hardenable Iq- 
uid Into the larger stream 36 of host iiqiJd. the f kie 
bichromal stream breaks up Into bichromal bails 10 
which drift vertically upwardly writhin the moving 
stream of host liquid, centrally located in the drift 
chamber 42. The balls first pass through a heating re- 
gion 44 provided with a heating oo3 46 formaintalning 
the host liquid at about ISO'C so as to cure and hard- 
en the balls, then pass through a cooling region 48 
pcovkhid wtth a cooling coil SO for maintaining the 
host ikiuid at about 1S>C. At the top of the drift chant- 
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ber42ther8 Is an extraction ragion 52 where the baPs 
and tha entraining host liquid are removed (irom the 
chamber through a conduit 54. From there, the balls 
may be filtered out of the liquid and the liquid may be 
rehjrned to t he channel 38. j 

The hardenabla liquid of which the balls are fab- 
ricated must have a low enough viscosity to freely 
pass throughthefinetubing 30/32 and must cure rap- 
idly at the cure temperature. The host liquid should 
have a higher specif Ic gravity than the hardenaUe liq- io 
uld In order to allow the balls to float therein, should 
be quHe Inert to the uncurad hatdenable liquid, and be 
able to sustain the high processing temperatura. 

We have found that as the rapidly flowing hostliq- 
uid carries the balls 10 into tha bottom of the drift is 
chamber 42, disturbances may be introduced into the 
column of host liquid, which may causa turbulence 
that will, in turn, cause the uncurad balls to collide 
wHh one another and with the walls of tha chamber, 
thusdestroyingtheirlntagrity.Thedeleteriouaeffacts 2» 
of this turbulence can be minimized by intitiducing the 
hardenable balls Into the drTt chamber 42 in a spiral 
path, as shown in the embodiment erf Flgurs 5, there- 
by causing the balls to be separated and lessening 
their tendency to oollWe. The balls are formed in the 2« 
channel 38 having at Its upper end a lotatable nozzle 
56 withan exit channel 58 Inclined atan angle relative 
to the eentraJ axis of the drift chamber 42. The rotat- 
able nozzle 56 includes a rotatable mandrel 60, seat- 
ed atop and movable relative to the channel 38, which 30 
to mounted In a support sleeve 62 within the chamber 
42, via a suitable bearing 64. A drive shaft 68 with a 
bevel gear 68 at Its end couples with a bevel gear 70 
enolroling the mandrel 60 for Imparting motion to It. 

While the drift tube embodiment Is acceptable for se 
research purpose, we have developed a more pro- 
ductive process. We have observed that the balls will 
remain entrained In the center of a channel of rapidly 
moving host liquid undergoing laminar flow, when 
balls are Introduced Into the center of the channel and 4o 
the host liquid has a density roughly comparable to 
that of the balls. It is well known that liquid undergoing 
laminar flow in a tubular channel moves tetest In the 
center of the channel. It is believed that the bails will 
tend to stay in the fastest moving portion of the « 
stream because as they drift radially outwardly Into a 
slower region, that part of the ball In the slower region 
will experience a higher pressure than that part of the 
ball In the taster region and the ball vrill be returned 
to the center of the channel. By maintaining the prop- so 
er liquid velocity the balls will renwln In the center of 
the channel, even through very small radius bends. 

The embodiment of Figuna 6 relies upon this phe- 
nomenon. It represents a greatly simplified construc- 
tion as compared to the drift chamber embodiment of i3 
Figure 5, and ellmlnatBs the difficult hydrodynamic 
transltton as the host liquid in the channel 38 merges 
vrith the host liquid in the drfft chamber 42. The balls 



10 are formed in a generation nagion 72 and trans- 
ported lor liirther processing within a single elongat- 
ed tube 74, having an inner damalBr of about 0.1 905 
cms {0.075 inches), which may be bent to follow the 
most desirable processing paths. As in the previously 
described embodiment, the bichromal balls are gen- 
erated from a bidiromal Jet 40 fornf)ed by the intersec- 
tion of two fine streams of hardenabla liquid intro- 
duced tothecenlerofthe flowing host liquid. The host 
liquid moves the oentral stream of balls to a curing re- 
gion 7$ where the tubing 72 may be In tha form of a 
coll 78, acted upon by a source of energy, indicalBd 
by arrows 80 directed at the tubing, 

The coled tubing 78 may ba heated by, for exam- 
ple, being immersed in a tirarmal bath at about 
ISO-C. Alfewnatlvely. the hardenable Ikjuld may be of 
the dass of iiglit cured materials which may be cured 
bymeansofwiullravioletllght source. Insuchacase. 
the tubing wouM be made of quartz or other material 
that is transparent to uHraviotet light. Application of a 
high frequency alternating field, in the region of 
13MKZ, tothe dielectric hardenable liquid will heat it 
by molecular iiiction. Yet another radiation source for 
curing the hardenable liquid could be microwave elec- 
tromagnetic radiation. With the addition of carbon, 
Iron orfertlte particles (orothermateriai absorbent of 
mlaowave radiation) to the hardenable liquid epoi^ 
or to the pigments dispersed therein, the curing radi- 
ation could be administered via a micrawava source. 
It would also be possiUs to add a curing agent to the 
host ilquM, such that In iFavellIng through tha coHed 
section sufficient curing agent would diffuse into the 
balls to cure them. 

Subsequent to curing, the bate continue through 
the tube Into an extraction region 82 which may com- 
prise a chamber 84 containing a screen 86, or other 
fatration member, that would remove the balls from 
the host liquid. The liquid, depleted of balls, would 
then be rectrculated by a pump 88 and once again 
pass to the generation regloa TTiI* Is a very effective 
and Inexpensive continuous process. Periodically, 
the chamber 84 would be opened and the balls re- 
moved for being deposited into the display matrix. 

In general^ for consistently generating spherical 
balls, parabolic (laminar) flow of the host liquid should 
be maintained in the ball transport section of elongat- 
ed tubing 74. It is believed that toroidal or totbulent 
flow should be avoided. To this end, we have found 
that the folowing consMerattons apply: 

A, The tubing should be designed to be smooth 
and continuous. Of particular concern are the 
Joints where two lengths of tubing are abutted. At 
these locations the inner diameters must be the 
same so that the Internal walls run smoothly to- 
gether. Care should be taken to minimize gaps at 
these joints. 

B. Bends in the tubing should be smooth and not 
sharp. 
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C. If it Is necessary to decrease the tube diame- 
ter, this must be accomplishiad by means of a 
smooth tapering of the tube walls overa distance 
large as compared to the smallest Internal tube 
dianeier, 

D. Increases In tube diameter should be avoided 
if at all possible. However, email inareases may 
be acceptable If the change Is by means of a ta- 
per that Is very long with respect to the internal 
diameter of the larger sedlioh. 

E. Pumping must be smooth and steady. 

Two embodiments of the preleri«d fbrm of the 
double nozzle siruebjra are Hlusinited in Figures 7a 
and 7b, In each, the adjacent wall of each tube 30 and 
32 Is thinned and soldarad together so as to allow the 
streams of hardenablellcMd to smoothly flow togeth- 
er into a red-llica bichromal stream. In Figure 7e the 
streanw combine before exiting the douUe nozzle 34, 
whUe In Figure 7b the streams combine Immediately 
after exiting the double nozzle. As the single com- 
bined bichRunai stream 40 enters the fteter flowing 
host liquid it will smoothly neck down to a circular 
cross-section fiom which balls will be formed. By 
flowing the host liquid much festarthan the harden- 
able liquid flowing out of the double nozzle (as indi- 
cated by the larger arrow 89 representing the flow 
rate), it Is possible to generate bale that are a factor 
of ten or mors smaller than would be generated by 
flowing the liquids at about the same velod^ (note 
Figure 8). In this way very small bails may be made 
with nozzle structures large enough to be easiy fab- 
ricated. The following relationship applies: ViR,: = 
V2R22. where V,R, are the veiocily and radius of the 
sin^e bichromal jet40 emerging from the double noz- 
zle 34. and V^Rjare the veloci^ and radius of the sin- 
gle bichromal Jet 40 moving with the velocity of the 
hoatllquid. 

We envision a bail fabrication rate of about 
3.6x10° balls/hour. An 8x10 Inch sheet of dsplay ma- 
terial would require about 240x10« balls. If one mil 
balls are used, a singis tube will generate enough 
balls to supply one square inch of display material In 
one hour. A practical manufacturing system will re- 
quire a multiplicity of generating tubes. 

One dimensional, rod-like jets 40 of bichromal 
hardenable liquid ntaterial have been descrtlwd. 
Sheet Jets 90 and 92, as Illustrated In Figure 9a and 
Sb, are also known. These are Jets of fluid that are 
more two dimensional, Issuing firom slit-like orifices. 
Like the one dlmenskmal rod-like Jets, the sheet Jets 
also are highly unstable so that their forward edge 
breaks up Into droplets shortly after the sheets are 
created. Also, like the one dimenstonaljets, it Is to be 
expected that the sheet Jet droplets will fbrm Into 
highly uniformly sized spheres upon suitable excita- 
tion. Clearly, sheet Jets will generate a much greater 
nunnberoftMlisand provkle a practical manutactuiing 



Planar sheet jets 90 have a strong tendency to 
contract at the taterai free edges, toward the center 
of the sheet, due to BurCace tension efjiscts. TMs con- 
traction causes a thickening of the Jet at the sides 

s whidi, upon breakup into droplets, leauHs in larger 
bail diameters at the sMes of the sheet Cylindrical 
aheet Jet 92. having no lateral Hps* surfe&ea, w« con- 
tract unifonnly, resulting in unHtem bail diameters. 
In Figures iOa and 10b there is lilustraiBd a lyt- 

10 Indrieal aheet Jet generator 94. It should be uhder- 
Btobd that curing, codling and separating elemente 
wBI be required in order to complete the fabiksatbn 
apparatus. Gaheiator 94 oomprises an inner oyiindrl- 
oal member 96 and a oonoentric outer cyllndricai 

IB meinber 98 def ining an annular channel 100 through 
which the hoatlkiuld ftews. The 8ll*arr» of host liquid 
is smootNy diveried into two cylihdrieal streams by an 
annularmandrel 102, withki channel 100, and the two 
atreams rejoin beyond the downstream tapered end 

30 104ofthemandrel.Finefubingl06and10i3introduc8 
different oddnd streams 110 and 112 of hardenable 
liquid into cavities 114 and 116 between the liquki 
streams and the tapered end 1 04 of the mandrel. The 
colored streams are emitted Into the host llquM 

2S stream and fbrm a bichromal cyllndrloal sheet jet 82 
whose fbrwanl edge 118 breaks up into btehromal 
bails 10. ContracUon of the MdnNnal cyilndrical 
sheet Jet Is easentialy eliminated by the host ik|ukl 
trapped between It and the Inner (^Indrieal nnember 

30 96.Thebaaswilibecarriedak)ngtheannularchannal 
1 00 and wll be centered therein. 

There appears to be noforoes tendingtomaintain 
perimeter stability of the balls in the cylindrtoal fknv. 
Therefore, they may drift into contact with one aiv 

35 other and stklc together. Should this be a problem, 
stabilizing ribs 120 may be placed within the annular 
channel 100, on one of the cylindrical membere 06 or 
98, as lustnded In Figure 11a, Ibr creating hydrady- 
namto oonditkins that would adequately isolate the 

40 balls. If It is found that libe 120 are hsufftoient to pre- 
vent lateral drffting of the balls, then the annular 
channel 100 couM be tuHy divided Info separate chan- 
nels by wails 122, as Ulustrated in Figure lib. 
A practical cylindrical sheet Jet generator94 could 

45 haveasheetjetdiameterof25.4cms(10lnches)and 
produce 1 mil diameter bichromal balls. A device of 
such construcUon could yiekl a ball generatton rata of 

sufficient to fabricate about 200 display sheets per 
so hour, each measuring 20.32cm X25.4 cm (8x10 Inch). 
It should be understood that numerous changes 
In details of constructton and the oombinatton and ar- 
rangement of elements and materials may be resort- 
ed to without departing from the scope of the inven- 
ts tkin as hereinafter claimed. 
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Claims 

1. AmethodoffiBrmlngblchromal balls (10), charao- 
teiisadby 

providing a laminar flow Gtraam (36) of 
host liquid, 

bringing together two siraams (26,28) of 
differently coiorad haidenableliquidsfDrforming 
a single blchromal stream. 

Introducing said single blchromal ttream 
(40) substantially into the center of said stream 
(36) of host liquid. 

transporting said blchromal stream (40) at 
substantially the samo velocity as said stream 
(36) of host liquid, wherein the fbrwawJ end of 
said bichromsl stream (40) becomes unstable 
and breaks up into droplets whichfbrm into sphe- 
rical balls (1 0) as they are moved by said host liq- 
uid. 

curing said balls (1 0) so that they harden, 
and separating said balls (10) from said host liq- 
uid. 

2. A method of forming blchromal balls as defined 
indaim.charBctefiasdInthatsaidstepoffbrnv is 
Ing a single blchromal stream (40) produces eith- 
er a rod-Ike stream or a sheet-like stream. 

3. A method of forming blchromal balls as defbied 
lnclalm2,characterisedtnthatsald8lapofform- so 
Ing a sheet-like stream produces either a planar 
stream or a cyllndrkMl sbeam. 

4. A method cf forming bkdiromal baUs as defined 

In any one of daimsl to 3. characterised in that 3s 
sakl hardenabte lk)uM comprises a two compo- 
nent epoxy rasln and said «tep of owing coriHNis- 
es applying thermal energy to sakl epoxy resin 
and/or applying radiative eneigy to saM epoxy 
resin. « 



for separating said bale (1 0) from said host liquid. 



9. An apparatus for fbrming bichromal bails as de- 
fined in any one of daimB 5 to a, chaiactefised In 
that said haidanable ik|uU is a thermoeettina or 
photosetting material and said cuing means for 
curing comprises a source of thermal energy or 
a source of actlnle enetgy. 

10. An appaiatus for Ibrming btohromai balls as ds- 
fined In any one of claims 5 to 9, characterised In 
thatsaM haidenabie liquid comprises a tw) com- 
ponent epoxy resin. 

11. An apparatus for forming bichromal balls as de- 
fined In any one of dalms 5 to 10, characterised 
by raciicuiatory means for recirculating said host 
Ikvild after saM baBs (10) are sepaiated thare- 
ftom. 



6. An apparatus for fbrming blchromal balls as de- 
fined in dakn 5, characterised In that said Input 

5 means for Introducing comprises a nozzie (34) for 

bringing together said streams (28,28) of differ- 
ently colored hardenable IhiuMs and dispensing 
said streams as either a single rod-like bichromal 
stream (40) or as a single sheet-like bichromal 

7. An apparatus for forming bichromal balls as de- 
fined in daim 6. characterised in that said sheet- 
like bk:hromal stream (40) is planar or cylindrical. 

8. An appaiatus for forming bichromal balls as de- 
fined In claims S, 6 oi-7, characterised in that said 
host liquM Is moved In a laminarfiow stream (38) 
and saM bkhramal stream (40) is Introduced sub- 

so siantially into the center of saM laminar fkiw 
stream (38). 



5. Appaiatus for forming Uchnmai balls (1 0), diar- 
actsrisedby 

means Ibr defining a channel (^) through 
which a host liquid is moved, 46 

means for moving said host liquid through 
said channel (38), 

Input means (34) for Introducing two 
streams (26,28) of differently ootored hardenable 
liquids Into said moving host IkiuM as a single bi- so 
chromal stream (40). whereby as saM btehromal 
stream (40) is moved by saM host llquW. the for- 
ward end of said bichromal stream (40) becomes 
unstable and breaks up Into droplets which form 
into spherical balls (10) which are continued to be ss 
moved by saM host llquM. 

curing means (76) for curing saM balte (10) 
so that they harden, and separating means (86) 
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